The screening of Bacillus thuringiensis (Bt) Cry proteins with high potential to control insect pests has been the goal of numerous research groups. In this study, we evaluated six monogenic Bt strains (Bt dendrolimus HD-37, Bt kurstaki HD-1, Bt kurstaki HD-73, Bt thuringiensis 4412, Bt kurstaki NRD-12 and Bt entomocidus 60.5, which codify the cry1Aa, cry1Ab, cry1Ac, cry1Ba, cry1C, cry2A genes respectively) as potential insecticides for the most important insect pests of irrigated rice: Spodoptera frugiperda, Diatraea saccharalis, Oryzophagus oryzae, Oebalus poecilus and Tibraca limbativentris. We also analyzed their compatibility with chemical insecticides (thiamethoxam, labdacyhalothrin, malathion and fipronil), which are extensively used in rice crops. The bioassay results showed that Bt thuringiensis 4412 and Bt entomocidus 60.5 were the most toxic for the lepidopterans, with a 93% and 82% mortality rate for S. frugiperda and D. saccharalis, respectively. For O. oryzae, the Bt kurstaki NRD-12 (64%) and Bt dendrolimus HD-37 (62%) strains were the most toxic. The Bt dendrolimus HD-37 strain also caused high mortality (82%) to O. poecilus, however the strains assessed to T. limbativentris caused a maximum rate of 5%. The assays for the Bt strains interaction with insecticides revealed the compatibility of the six strains with the four insecticides tested. The results from this study showed the high potential of cry1Aa and cry1Ba genes for genetic engineering of rice plants or the strains to biopesticide formulations.
INTRODUCTION
Bacillus thuringiensis is an endospore-forming Grampositive bacterium of economic importance due to its capacity of synthesizing bioinsecticidal proteins. Such proteins have been characterized and assessed to control insect species. They are codified by cry genes localized in plasmids, and one strain can host more than one cry gene, thus making it possible to synthesize different toxins by the same bacterium (12, 22) and evidencing its large potential of insecticidal activity. In this context, the objective of this research was to screen, through in vivo assays using target insects, six monogenic B. thuringiensis strains, codifying Cry1 and Cry2 proteins with high potential to be used in genetic engineering and Integrated Pest Management. The interaction between the same B. thuringiensis strains and four chemical insecticides was also analyzed using in vitro assays.
MATERIALS AND METHODS

Insects
The insects Oryzophagus oryzae, Tibraca limbativentris
and Oebalus poecilus were collected in their natural occurrence season in rice crop areas, and the individuals were maintained at UNISINOS insect room with controlled temperature and humidity (25 ± 2ºC, 80% of relative humidity, and a photophase of 12 hours). The rearing of Spodoptera frugiperda and Diatraea saccharalis was conducted at UNISINOS using the same conditions described above.
Bacillus thuringiensis strains
The monogenic strains B. thuringiensis dendrolimus HD-electrophoresis was developed according to the method described by Laemmili (21) .
Chemical Insecticides
In this study we analyzed the interaction of the six 
In vivo B. thuringiensis assays
The in vivo assays using target insects were carried out in In the control treatments of all bioassays the strains were substituted by sterilized distilled water. The mortalities were evaluated until the seventh day after the treatments were initiated. The mortality data obtained was corrected using
Abbott's formula (1) . The data from the bioassays with S.
frugiperda and O. oryzae was compared by analysis of variance (ANOVA) and the means of significant effect were separated using Tukey's test at P > 0.05 level, using the SPSS Statistical Software (39).
In vitro B. thuringiensis and insecticides interactions
The B. thuringiensis strains were grown in MUG at 180 rpm and 30°C for 48 hours. After this, the bacterial suspensions were centrifuged twice at 7.000 g for 20 minutes and the supernatant was discarded. The pellet was diluted in sterilized distilled water and the bacterial concentrations were standardized to 7x10 9 cells/mL. The insecticides were diluted with sterilized distilled water according to the recommended doses (Table 2 ) and applied on 3 cm² sterilized filter paper discs, which were placed in 9 cm diameter Petri dishes.
Bacteria were inoculated in four Petri dishes with Nutrient
Agar (NA), each dish with the corresponding strain, followed by the placement of the paper disc with the evaluated insecticide in the center of the dish. In the control treatment, a filter paper disc with sterilized distilled water replaced the insecticide. For each tested insecticide, three replicates were developed, totalizing 12 dishes per treatment. The data was analyzed on the 4 th and 7 th day after the treatment application.
Each NA Petri dish was analyzed for the absence or presence and the size (mm) of the bacterial growth inhibition halo.
RESULTS AND DISCUSSION
Bacillus thuringiensis toxicity
The In vivo effects showed that the analyzed insects have different susceptibility levels to the six B. thuringiensis evaluated strains. The strains that showed wider action spectrum were B. thuringiensis dendrolimus HD37, B.
thuringiensis thuringiensis 4412, and B. thuringiensis entomocidus 60.5, which synthesize Cry1Aa, Cry1Ba and
Cry1C proteins respectively ( Figure 1 ). These three strains caused over 10% of corrected mortality to the five analyzed insect species, except to T. limbativentris, which was not susceptible to this bacterium ( Table 2 ). The B. thuringiensis kurstaki HD73 strain had the smallest action spectrum, although its highest mortality indexes were against O. oryzae
and O. poecilus, with 54% and 20.5%, respectively. Cry3 and Cry9 proteins (11, 19) .
In this work the proteins that caused high mortality in S.
frugiperda were Cry1Ba (93.1%) and Cry1C (86.0%) ( Table   3 ). Because of the economic importance of S. frugiperda, which, in addition to infesting rice was also found to be associated with corn, peanut, cotton, soybean, alfalfa and forage grasses, many research groups make prospection of B. 
Insecticides and Bacillus thuringiensis strains interaction
When the analyzed chemical insecticides were tested at the recommended doses they did not cause any bacterial growth inhibition in the evaluated B. thuringiensis strains.
However, at a 10 1 concentration, ten times higher than the recommended concentration, some insecticides presented inhibitory effect in the bacterial development, as shown in Table 4 .
The insecticide labdacyhalothrin was the only one that did not present any inhibitory effect on the analyzed B.
thuringiensis strains in both concentrations, suggesting that it can be used simultaneously in insect pest control in rice field areas. The second insecticide with lower inhibitory activity was fipronil, which caused only a low inhibition to the B. B. thuringiensis monogenic strains thuringiensis kurstaki NRD-12 strain at the higher evaluated concentration. Furthermore, thiamethoxam also showed inhibitory action to the B. thuringiensis dendrolimus HD-37 strain at the higher dose.
The insecticide malathion inhibited the development of six out of seven evaluated B. thuringiensis strains at the higher concentration; for B. thuringiensis entomocidus 60.5 the strains had no effect. All the content of the journal, except where otherwise noted, is licensed under a Creative Commons License
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